Surrey
(RECEIVED FOR PUBLICATION MAY 1, 1964) The oral toxicity of dieldrin in rats depends upon its concentration in the vehicle (arachis oil). It is increased by a previous restriction of diet, leading to a loss of weight. Two equal doses given within three weeks of each other are more toxic than the sum of the two given as a single dose.
Dieldrin is a technical product containing 85% of H.E.O.D., the approved name for 1,2,3,4,10,10,-hexachloro-exo-6,7-epoxy-1,4,4a ,5,6,7,8,8a-octahydro-exo -1,4, endo -5,8 ,-dimethanonaphthalene. The remaining 15 % of the technical product consists of active isomeric compounds. Dieldrin is a powerful insecticide that has been extensively used in agriculture, food storage, and public health work. Where men have been exposed to dieldrin over long periods in house spraying programmes many cases of poisoning have been reported (Hayes, 1959) .
Dieldrin acts as an acute convulsive poison in man and laboratory animals. Although the manifestations of poisoning may be severe and dramatic, there have been very few human fatalities, and no irreversible neurological sequelae have so far been reported.
Most cases of occupational poisoning in man have followed fairly long periods of exposure, and in some cases convulsions have recurred some days or weeks after exposure had ceased (Hayes, 1959) . Thus dieldrin appears to be a cumulative poison with prolonged effects.
Recent work on the metabolism of dieldrin (Heath and Vandekar, 1964 ) provides a possible explanation for the behaviour of dieldrin as a poison in man. These same observations also provide an explanation for some experiments on laboratory animals carried out about five years ago, which are the subject of this paper.
As a single dose given by mouth in a solution in edible oil, dieldrin has been reported to have an LD50 of 87 mg./kg. (Lehmann, 1951) , 65 mg./kg. (Klimmer, 1955) , and 38 mg./kg. (Treon and Cleveland, 1955) . These differences are probably accounted for partly by variations in the quality of the material tested and partly by differences in the strain, sex, and ages of the rats. However, the important feature of dieldrin tested in this way is that, as recorded first by Lehmann (1951) , death after a single dose may be delayed up to six days or longer.
The experiments to be described here record the influence of the concentration of solution used on the pattern of poisoning and the effect of previous semi-starvation on susceptibility, and also the fact that rats that have survived one dose of dieldrin remain much more sensitive than normal rats to a second dose given up to three weeks later.
Materials and Methods
Technical dieldrin supplied by the Shell Petroleum Company was dissolved in arachis oil and given to unanaesthetized rats by stomach tube. Albino rats, male and female, ranging in weight from 140 to 250 g. were used. They had access to water and food (M.R.C. diet 41B cubes) at all times except when specifically stated otherwise. The rats were under observation for the first four to six hours after dosing and were observed daily for the next seven to 10 days except on Saturdays and Sundays when deaths only were recorded. In most experiments the animals were weighed several times during the seven to 10 days following dosing. Their general behaviour was recorded.
Results
Reactions to a Single Dose.-The LD50 for a single oral dose was found to be 50 8 mg./kg. (Table 1) by probit analysis (Finney, 1947) . For most later the mortality higher when the concentration was greater but the rats died more rapidly. Deaths were delayed for up to eight days when dilute solutions were used.
Effect of a Second Dose.-Female rats were given 40 mg./kg. by mouth in a 4% solution in arachis oil and a second dose at various times later. The results of those experiments in which the second dose equalled the first are summarized in Table 4 .
The total dose given to the rats receiving two doses was 80 mg./kg. From the probit equation derived from the LD50 data in Table 1 the probit of the expected mortality at this dose and its standard error were calculated. When the second dose was The rats were given dieldrin by mouth at the beginning of the experiment and at the stated times later.
given within a week of the first the observed mortality was 97 5 %, very much greater (P < < 0-001) than the expected mortality (69 %).
When the second dose was given more than one week after the first dose a correction must be applied to allow for the deaths that had already taken place from the effects of the first dose. The expected mortality from the first dose was 37%. Thus the 24 rats given a second dose represented the survivors of the first dose, i.e., 24 rats represent 63% of the rats used in the double dosing experiments. Thus the total of rats used was 24 + 13 = 37 rats and the total number of deaths was 20 + 13 = 33. The percentage mortality was therefore 89 %. Similarly, when the second dose was given in the third week the percentage mortality was 77 %. These estimates may be a little in error because there is variance in the expected mortality from the first dose, but it can be shown that this is largely selfcancelling in the calculation. For example, if, improbably, only 20% died from the first dose, the percentage deaths from both doses become 87% and 71 %. Both percentage mortalities are significantly greater than those expected from a single dose of 80 mg./kg. (P < < 0 001, and 0.01 > P > 0 001). By the third week about half the dieldrin from the first dose will have been excreted (Heath and Vandekar, 1964 ) so a more relevant comparison would be with a total single dose of 60 mg./kg., which has an expected mortality of 58 %.
A smaller number of experiments showed that when the second dose was only 20 mg./kg., given within seven days of a dose of 40 mg./kg., the mortality was greater than expected.
Discussion
These observations on rats receiving dieldrin by mouth underline the prolonged action of this substance in the animal, but no explanation of the phenomena could be provided in the absence of more information on the behaviour of dieldrin after it had been absorbed.
The metabolic studies described by Heath and Vandekar (1964) provide this information. The results are discussed in detail in that paper and lead to the conclusion that a large proportion of the first dose of dieldrin is laid down in the fat and slowly released into the blood-stream during the period when the animal is sensitive to the second dose.
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